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In the last years, the more and more exhausted fossil fuels and serious 
environmental pollution have become one of the biggest barriers for the development 
of world economy and society, so exploiting renewable energy sources and carrying 
out sustainable development are important strategic issues for every country 
government. Enhancing the research and improving the energy conversion efficiency 
of the fuel cells and their hybrid systems and effectively exploiting and applying the 
clean energy sources such as hydrogen energy are one of the strategic energy 
development directions for the humanity future. On the basis of the developed 
models of fuel cells, heat engines, and three-heat-source cycles, the present thesis 
will explore the performance characteristics of some typical fuel cells, establish 
novel fuel cell hybrid systems, design optimum performance parameters, and set up 
the optimum theory. The corresponding contents are arranged in chapters 2-6. 
In Section 2, the generic performance characteristics of a proton exchange 
membrane fuel cell working at steady state are researched and the optimum criteria 
of the main performance parameters are determined. In order to apply the 
low-temperature waste heat produced in a proton exchange membrane fuel cell, a 
new model of the hybrid system composed of a fuel cell and three-heat-source 
refrigeration cycle is put forward. The effects of the main irreversible losses on the 
performance of the system are analyzed, the optimum matching issues between the 
subsystems are studied, the performance parameters of the hybrid system are 
designed optimally, the optimally operating regions of the system are determined, 















In Section 3, a novel model of the generic hybrid system composed of an alkaline 
fuel cell and a heat-driven cycle is established, where the heat-driven cycle can work 
as a heat pump or a refrigerator. The hybrid system will not only produce electric 
power but also provide an additional refrigerating or heat-pumping output, and 
consequently, the overall energy conversion efficiency and equivalent power output 
of an alkaline fuel cell system will be increased. The results obtained may provide 
theoretical bases for the practical exploitation and application of the alkaline fuel 
cell/heat-driven cycle hybrid systems. 
In Section 4, on the basis of the model of two-heat-source heat engines composed 
of two isothermal and two polytropical processes, a general model of fuel cell-heat 
engine hybrid systems is established. The effects of the main irreversible losses 
existing in fuel cells and heat engines on the performance are analyzed synthetically, 
the general performance characteristics of the hybrid system are revealed, and 
optimum design criteria of the main performance parameters are given. The results 
obtained are very general and useful and may be used to analyze the optimal 
performance of a class of irreversible hybrid systems consisting of a fuel cell and a 
two-heat-source heat engine with the Carnot cycle, Stirling cycle, Ericsson cycle or 
other cycles. 
In Section 5, two new models of solid oxide fuel cell-gas turbine and molten 
carbonate fuel cell-gas turbine hybrid systems are established, respectively, which 
are more practical than other present models. By using these new models, not only 
the effects of the irreversible losses caused by different overpotentials in 
high-temperature fuel cells can be analyzed, but also the effects of non-perfect heat 
transfer and other irreversibilities in the gas turbine on the performance can be 
revealed. The general performance characteristics of the hybrid systems are 
expouned and the optimum design criteria of the main performance parameters are 
determined. The optimum results obtained indicate that the waste from the 
high-temperature fuel cells can be effectively utilized by combining a gas turbine; 
the energy conversion efficiency of the fuel cell systems can be largely increased and 















regenerator in the gas turbine. 
  In Section 6, with the help of the Brayton cycle model with a regenerative 
process, a new model of solid oxide fuel cell-Brayton cycle heat engine hybrid 
systems is established. One of the characteristics of the model is that the heat engine 
model is general and it includes several cycle modes often adopted in theory. The 
effects of different irreversible losses on the performance are discussed, the general 
performance characteristics are obtained, the general optimum theory is established, 
and the optimum performance theory of the hybrid systems in some special cases can 
be deduced directly. 
  In summary, the novel models of various fuel cell hybrid systems are established 
in the present thesis. The effects of the key irreversible losses in real systems on the 
performance are considered, the general performance characteristics are revealed, 
and the optimum criteria of the main performance parameters are obtained. The 
optimum theory established here not only lay a theoretical foundation for further 
exploring the performance characteristics of fuel cell hybrid systems but also provide 
a theoretical guidance for the optimum design and operation of real fuel cells and 
their hybrid systems. 
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